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(57) Abstract 

An optical network comprises a bidirectional link connecting two nodes (I) through two optical fibers (3). Optical output signals 
from optical transmitters (7) in a node are provided to transponders (11) issuing optical signals of well-defined wavelengths to a power 
combiner (13), from which optical signals are forwarded to the other node on the respective fiber. The network can have protection for 
failures of various components. Thus, a spare transponder (21) can receive the optical output signals of an optical transmitter (7) in the case 
of a failure of an ordinary transponder (11). The spare transponder (21) is also connected to the combiner (13). The optical transmitters 
(7) and receivers (9) can be duplicated by providing spare transmitters (7*) and spare receivers (9*). Various arrangements can be used for 
connecting the output of a transmitter to an ordinary transponder or the spare transponder. For example, cross-bar switches (17. 19) can be 
arranged at the outputs of a pair of an ordinary transmitter and a spare transmitter and at the inputs of a pair of an ordinary receiver and a 
spare receiver. For a node having N-1 ordinary transmitters a N:l switch (23) is then arranged at the input of the spare transponder (21 ). 
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PROTECTION OF WDM-CHANNELS 

TECHNICAL FIELD 

The present invention relates to a protecting individual length channels in a WDM link, 
ring or bus network in the case of a transmitter, transponder or receiver failure, in panicular 
5 to a network in which at least one link is protected, and to a node used for such protection. 
BACKGROUND 

In telecommunication optical fibres have been used for several years, primarily owing to 
their large reliability, their insensitivity to electrical interference and their high capacity. Of 
course, there is a desire in the existing telecommunication networks to use the available op- 

10 tical fibres in their networks as efficiently as possible, in panicular for communication over 
long distances, since such fibres obviously have high installation costs. By introducing wave- 
length division multiplexing WDM in existing communication systems using optical fibres a 
plurality of individual wavelength channels can be transmitted on the same optical fibre and 
thus the information transmitted over the fibre can be multiplied. Thus the need for installing 

15 more optical fibres can be postponed. Also, the telecommunication operators of course want 
to utilize their existing transmission equipment if possible also when changing to WDM sys- 
tems or at least to utilize their existing equipment to the highest possible extent. 

When using WDM in a link built of a single optical fibre pair between two nodes all 
information from one node to the other one will be transmitted at each instant over on one of 

20 the fibres of the pair. Because of the very large information amount transmitted over the fibre 
pair, a break-down of such a link will be extremely embarrassing. Thus, the ability of a 
network to restore communication or traffic on a failed link is very important. Protection 
must be built into links and networks using optical fibres carrying several WDM channels on 
optical fibres therebetween. Typical devices, in which failures can arise are of course the 

25 fibres themselves which can be cut off and the components in the transmission and receiving 
equipment, 

In U.S. patent No. 5,299,293 a protection arrangement is disclosed which can be used 
in a WDM network. For the case of a faulty electrooptical transmitter, the input signal of the 
transmitter is coupled to the input of a spare transmitter through a n:l electrical switch. The 

30 spare transmitter includes a tunable laser adapted to transmit the signal on the same wave- 
length as used by the defective transmitter. In U.S. patent No. 5,457,556 equipment for pro- 
tecting optical communication to failures of the WDM equipment are disclosed. The published 
German patent application 44 33 031 discloses redirection of the information flow in an 
optical line to another line when the first line gets defective. In U.S. patent No. 5.218,465 is 

35 described how traffic for some failure can be redirected to another redundant path. A cross- 
connect switch receives all the input signals and is controllable to switch each signal to the 
redundant path. 

In the published International patent application WO 97/45977 "Channel protection in 
data-communication and telecommunication systems" an .optical fiber network is disclosed 



BNSOOCID <W0 904a"?i7A2 I > 



wo 99/4431 7 PCT/SE99/00256 

2 

using WDM, in which each node comprises at least one standby electrooptical iransminer and 
at least one standby optoelectrical receiver. A spare wavelength is used by the standby 
transmitter and receiver. The network is the bus type having traffic circulating through the 
node, in which the nodes t^ off and/or add WDM channels as required. 
5 SUMMARY 

It is an object of the invention to provide an optical network having protection, in 
particular including an optical bidirectional link forming or being part of the optical network. 

It is a further object of the invention to provide an optical network and nodes to be used 
in the network having protection working for many cases of different failing components. 

10 It is a further object of the invention to provide nodes to be used in an optical network 
having protection which can be built from standard components of a relatively robust type, 
not requiring e.g. tunable lasers. 

In a protection arrangement for optical transmitter devices and receiver devices in nodes 
interconnected by a bidirectional link in a WDM network, a switch is arranged so that when 

15 one of the transmitter devices fails, its input signal is connected to a standby transmitter, so 
that this transmitter forwards die signal on a wavelength not used by the other transmitters. 
The optical transmitters and receivers of a node of such bidirectional link can be duplicated, a 
spare optical transmitter and a spare optical receiver being arranged as standby for each 
ordinary optical transmitter and each ordinary optical receiver. Transponders can be 

20 connected to receive the signals to be issued on an optical fiber connecting the nodes, con- 
verting the received optical signals to optical signals of well defined wavelengths. The output 
signals of the transponders are combined in an optical signal combiner or multiplexer and 
therefrom issued on the optical fiber. In each node, only one spare transponder is arranged as 
standby for the other, ordinary transponders. By arrangements comprising optical switches 

25 and/or optical couplers the optical signals from an ordinary optical transmitter or a spare 
optical transmitter can be forwarded to the spare transponder and issued thereby on a wave- 
length separate from the wavelengdis used by the ordinary transponders. 

Generally a WDM network comprises at least two nodes which are interconnected by a 
bidirectional optical link. A node in such a network can e.g. comprise at least two pairs of 

30 ordinary transmitter devices and ordinary receiver devices so that each pair comprises one 
ordinary transmitter device and one ordinary receiver device. The devices of such a pair are 
then arranged to transmit and receive optical signals respectively of only a fixed, individual 
well defined wavelength band which is separate from the wavelength band used by other 
pairs. 

35 Such a node can further comprise a pair formed by a spare transmitter device and a 
spare receiver device. The spare transmitter device and the spare receiver device of this pair 
are then arranged to respectively transmit and receive optical signals of only a fixed well 
defined wavelength band different from the wavelength bands in which the ordinary 
transmitter devices and receiver devices of the other pairs of the node are arranged to 



wo 99/4431 7 PCT/SE99/00256 

3 

transmit and receive respectively optical signals. A switch can be connected in such a way 
that if one of the ordinary transmitter devices of the node fails, an input signal of said one of 
the ordinary transmitter devices is connected through the switch to an input of the spare trans- 
mitter device. 

5 The ordinary transmitter device of a pair formed by an ordinary transmitter device and 
an ordinary receiver device of a node can then comprise an ordinary optical transmitter and 
an ordinary transponder which is connected to the ordinary transmitter. The ordinary optical 
transmitter is arranged to receive electrical signals and to conven the received electrical 
signals to issued first optical signals. The ordinary transponder is arranged to receive the first 

10 optical signals issued by the ordinary optical transmitter and to conven the received first 
optical signals to issued second optical signals of the wavelength band, in which the ordinary 
transmitter device and the ordinary receiver device of the pair are arranged to transmit and 
receive optical signals respectively. In the same way the spare transmitter device of the pair 
consisting of a spare transmitter device and a spare receiver device in the node can comprise 

15 at least one spare transmitter and a spare transponder connected to the spare transmitter. The 
spare transponder is then common to all spare transmitters of the node and is connected to 
said all spare transmitters to convert received signals to issued third optical signals of the 
wavelength band, in which the spare transmitter device and the spare receiver device of the 
pair are arranged to transmit and receive optical signals respectively, 

20 The spare transponder included in the spare transmitter device in the node can through a 
switch be connected to all the ordinary optical transmitters in the node to receive the first 
optical signals issued by at most one of the ordinary optical transmitters of the node. 

Additional objects and advantages of the invention will be set forth in the description 
which follows, and in pan will be obvious from the description, or may be learned by 

25 practice of the invention. The objects and advantages of the invention may be realized and 
obtained by means of the methods, processes, instrumentalities and combinations panicularly 
pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the novel features of the invention are set fordi with panicularly in the appended 
30 claims, a complete understanding of the invention, both as to organization and content, and of 
the above and other features thereof may be gained from and the invention will be better 
appreciated from a consideration of the following detailed description of non- limiting 
embodiments presented hereinbelow with reference to the accompanying drawings, in which: 
Fig. 1 is a block diagram of a bidirectional WDM link having no protection, 
35 Fig. 2 is a block diagram of a first embodiment of a bidirectional link having 
protection, 

Fig, 3 is a block diagram of the same link as shown in Fig. 2 but illustrating the traffic 
paths after restoration caused by failure of a transponder. 

Figs. 4 - 9 are block diagrams of further, different embodiments of a bidirectional link 



• 
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having protection. 

Figs. 10 and 1 1 are block diagrams of 4: 1 optical switches of hybrid type, and 
Fig. 12 is a block diagram of a hybrid type, cross-bar optical switch. 
DETAILED DESCRIPTION 

In Fig. 1 a bidirectional WDM link having no protection is illustrated. The link 
comprises two add and drop nodes 1 connected by one fibre 3 for traffic in a first direction 
and one fibre for traffic in the opposite direction. The nodes 1 comprise in the embodiment 
shown three access equipments 5 for three electrical channels, each access equipment 5 
comprising a transmitter (Tx) 7 and a receiver (Rx) 9, In the general case N access 

.0 equipments would be arranged. The transmitters 5 are some kind of electro-optical converters 
or modulators, such as modulated lasers, providing on their output an optical signal 
modulated on some wavelength, which can be the same wavelength for all transmitters 7. The 
optical signal from a transmitter 7 is provided to the input of an associated transponder 11, in 
which the optical signal from the transmitter 7 is received and is transmitted on a very well 

.5 defined wavelength. The output fibers of the transponders 11 are connected to an optical 
multiplexer 13, in which the incoming light signals are combined with or superposed on each 
other. From the multiplexer 13 the resulting optical signal is transmitted on an optical fibre 3 
carrying signals from the considered node 1 to the receiving side of the other node. There, 
the optical fibre 3 is connected to an optical demultiplexer 15. in which the differenl 

20 wavelengdis of the incoming signal are filtered out and are forwarded on optical fibers to the 
respective receiver 9 in an access equipment 5, the receivers 9 being optoelectrical conveners 
such as suitable PIN-diodes. 

In the link illustrated in Fig. 1, the components thereof can of course become defective 
and stop operating in the intended way. In panicular there may be failures in the access 

« equipment 5, in the transmitters 7 and the receivers 9. and in the transponders 11, which are 
all active optical elements. In order to arrange a protection against such failures a spare or 
standby channel must be arranged in the link. This standby channel can then be used when 
one of the components becomes defective. Special arrangements for switching to this standby 
channel must also be provided and there must also be a redundancy in the access equipment 

30 5. 

A bidirectional WDM link having such protection is illustrated in the block diagram of 
Fig. 2. In this link the access equipments 5 contain a 1-H optical protection and in the nodes 
1 there is a 1:3, generally a 1:N, protection of the corresponding three WDM channels, in 
the general case N WDM channels. Each access equipment 5 at one end, which is thus 
35 arranged for an own channel, comprises one working or ordinary optical transmitter 7 and 
one spare or standby optical transmitter Tx' or T, and one working or ordinary optical 
receiver 9 and one spare or standby optical receiver Rx' or 9'. These spare transmitters 7' 
and receivers 9" can be in an operative state all the time, being supplied with power and the 
transmitters 7' issuing all die time the same signals as the ordinary transmitters 7. 
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An optical 2x2 cross-bar space switch 17 has first one of its two inputs connected to an 
ordinary transmitter 7 and its second input connected to the standby transmitter 7 in the pair 
of ordinary transmitter and standby transmitter in the same access equipment 5. In the same 
way, an optical 2x2 cross-bar space switch 19 has one of its two outputs connected to an 
5 ordinary receiver 7 and another one of its outputs connected to the standby receiver 7' of a 
pair of ordinary receiver 7 and standby receiver 7' in the same access equipment 5. A cross- 
bar switch has two inputs and two outputs and can be in one of two states or positions. In the 
bar state, which is the ordinary state of the cross-bar switches considered here, it connects a 
first input to a first output and a second input to a second output, making a "parallel" or 

10 "bar" connection. In the cross state, which is the state considered here when the cross-bar 
switches receive a control signal, it connects the first input to the second output and the 
second input to the first output, thus making "crossing" connections. 

The WDM equipment in the node 1 uses a fourth, standby channel, in die general case 
a (N + l)-di channel. In the transmitter side rfius a transponder 21 for die standby channel is 

15 provided, having its output also connected to die multiplexer or combiner 13 and working in 
parallel with die regular transponders 11. Every transponder 11, 21 will dius transmit on its 
own specific wavelengdi. In a cross-bar switch 17 on die transmitting side diat output, which 
in the normal, bar state of the switch is connected to die ordinary transmitter 7, is connected 
to a regular transponder 11, and its odier output, which in the normal, bar state of the cross- 

20 bar switch 15 is connected to die spare transmitter 7' is connected to one input of an optical 
4:1 space switch 23, diis space switch being in die generally case made for switching from 
one of (N + 1) inputs to one output. Thus diree inputs of die 4:1 switch 23 are in the normal 
state of the node 1 connected to a single spare transmitter 7'. Thus diere is one input of the 
4:1 switch 23 which is not connected to anything. In die normal operation of die node 1, in 

25 which no components are defective, die 4:1 switch 23 is in its fourth position, in which it 
does not receive any signals and does not transmit any signal. 

At die receiving side die demultiplexer 15 is arranged for splitting die incoming signal 
into four individual wavelengdi bands, in die general case into (N+1) individual, distinct 
wavelengdis or wavelengdi bands. Three of die outputs of die demultiplexer 15 are connected 

30 to diat input of die respective cross-bar switch 19, to diat input diereof which in the normal 
state of die node 1, in which no components are defective, to die ordinary receiver 9. That 
output terminal of die demultiplexer 15, which carries die wavelength band generated by die 
spare tiausponder 21 on die transmitting side, is connected to a 1:4 optical space switch 25, 
in the general case to a l:(N-hl) switch. Three outputs of this 1:4 switch 25 are connected to 

35 die odier one of die inputs of die cross-bar switches 19, to diat input diereof which in the 
normal operation of the node 1 is connected to the spare receiver 9'. The fourth output of die 
1:4 switch 25 is terminated and dius does not carry any signals anywhere. This is also the 
normal position of die 1:4 switch 25 in which all components in the transmitting side and the 
receiving side of die nodes 1 are working normally. 
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In the normal state thus all of the cross-bar switches 17, 19 are in their bar state and 
thus the signals carrying information are transmitted from the ordinary transmitters 7 to the 
corresponding ordinary transponder 11. via the combiner 13. the fibre link 3 and the 
demultiplexer 15. to the ordinary receiver 9. The output signals of the hot standbv 
5 transmitters 7 passes to the 4:1 switch 23 on the transmining side and are terminated there, 
since this switch is not in a position for receiving any output from any transmitter, since it is 
in the fourth position, in the general case its (N+ l)-th position. 

Now the differem cases will be described which can occur when some device in the 
bidirectional link of Fig. 2 becomes defective. 
10 An access transmitter 7 can become defective. This is detected by the transponder II, 
which is connected to this defective transmitter 7 through the respective one of the cross-bar 
switches 17 arid which makes this detection by finding, through a power detector 27 provided 
on its input terminal, that there is a loss of power on the input terminal. The power detector 
27 of the transponder 11 transmits a signal to the cross-bar switch 17 which is connected to 
.5 the input terminal of the transponder. The cross-bar switch 17 then switches from its bar state 
to the cross state. The output signal of the standby transmitter T, which all the time transmits 
the same signal as the ordinary transmitter 7 in the same pair of ordinary transmitter and 
standby transmitter will now instead be directed to the same transponder 11 through the 
crossed path through the cross-bar switch 17 which has changed its position to the cross state. 
20 For a failure of an access receiver 9, this state is detected by a signal processing circuit 
29 inside the access equipment 5, which then changes the output to be delivered from the 
standby receiver 9' in the same pair of ordinary receiver and standby receiver by changing 
the position of an electric switch 31. A signal is then transmitted to the cross-bar switch 19, 
which is connected to the input of this pair. This cross-bar switch 19 then switches from its 
25 bar state to the cross state and thus directs the light signal from the demultiplexer 15 directly 
to the operating standby receiver 9' in the pair. 

Also one of the regular transponders 11 can become defective. It is detected on the 
receiving side by the demultiplexer 15, in particular by the loss of power detected by power 
measurement devices 33. In the receiving side die 1:4 switch 25 and the 4:1 switch 23 are 
30 botii switched to the position corresponding to the failed wavelength channel. The 1:4 switch 
25 connects its input terminal to that cross-bar switch 19, which is connected to the receiver 
9, which was to receive the light signal, which now has disappeared or been lost. The 4: 1 
switch 23 connects in the corresponding way its input terminal, which is connected through a 
cross-bar switch 17 to die transmitter 7 belonging to the same access equipment 5 as the 
35 receiver 9. which would have received the light signal, which now has disappeared, to its 
output. Said cross-bar switches 19 and 17 are swiurhed from their bar state to the cross state. 
Also the transponder 11 is ttimed off for die wavelengdi band, on which no signals are 
received, and the spare nansponder 21 on die same receiving side is activated. 

In the transmitting node diere will dien be a loss of power for die same wavelength 
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band, which is sensed by its demultiplexer 15 and then also the transmitting node will be 
reconfigured in the same way as the receiving node. For both traffic directions the considered 
signal now passes from the ordinary transmitter 7, dirough its associated 2x2 cross-bar switch 
17, which now is in a cross state, to 4:1 space switch 23 and then the signal is transmitted to 
5 the spare transponder 21 in the transmitting node, from the spare transponder 21 to the 
wavelength combiner 13, dirough a fibre 3 and to the demultiplexer 15 and from the 
demultiplexer to that one of its output terminals, which is connected to the 1:4 switch 25, to 
the correct cross-bar switch 19, which is in its cross state and then up to the ordinary receiver 
9 for diis channel. This case is also illustrated in Fig. 3. 
10 The node construction illustrated in Figs. 2 and 3 can be modified in various ways. 
Thus, in Fig. 4 the same basic node construction is illustrated, in which the 2x2 cross-bar 
switches 17 connected to the transmitters 7 and the standby transmitters 7' have been omitted. 
Then the output signal of the ordinary transmitter 7 is directly connected to the input terminal 
of the respective ordinary transponder 11 and the standby transmitter 9', which always 
IS transmits the same signals as the ordinary transmitter 7 is directly connected to the respective 
input of the 4: 1 switch 23. 

For a failure of one of the ordinary transmitters 7 the transponder 1 1 connected to the 
output of this defective transmitter detects loss of power. Then this transponder 1 1 is turned 
off and the spare transponder 21 is activated. Both the 4:1 and 1:4 switches 23, 25 are 
20 switched to the position corresponding to the position of die defective transmitter. The cross- 
bar switch 19 connected to the receiver corresponding to the defective transmitter 7 is 
switched from its bar state to the cross state, so that the ordinary receiver 9 now receives a 
light signal from the 1:4 switch 25. 

In die other node, in which the defective transmitter 7 is located, loss of power is 
25 detected by the demultiplexer 15 by the respective power monitor 33 on die output side 
thereof. Then also here die 4:1 and 1:4 switches 23, 25 are switched to receive or transmit 
respectively the wavelength channel corresponding to die channel, for which die loss of 
power has been detected. The cross-bar switch 19 connected to die receiver 9 is switched 
from its bar state to die cross state, so diat die ordinary receiver 9 now receives a light signal 
30 from die 1:4 switch 25. In diis side also die respective regular transponder 11 is turned off 
and the spare transponder 21 is activated. 

After die switching has been made, die traffic for bodi directions now passes from the 
standby transmitter 7' to die 4:1 switch 23, through die spare transponder 21, dirough die 
multiplexer 13 and over die fibre link 3, in die receiving side dirough die demultiplexer 15 to 
35 die 1:4 switch 25, from the respective output port of diis switch to die cross-bar switch 19, 
which is in its cross state, up to die ordinary receiver 9. 

Also die cross-bar switches 19 connected to the receivers 9 and 9' can be removed. 
This case is illustrated in die diagram of Fig, 5. A defective transmitter 7 is detected in the 
same way as for the node design of Fig. 4. Also all of the switching of die respective 
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elements is the same. Of course no control signals can be passed to the cross-bar switches 17, 
19 since there are none. Instead the redirected light signal will not arrive to the ordinary 
receiver 9 but to the standby receiver 9^ in the respective pair of an ordinary receiver and a 
standby receiver. 

5 The advantage of the designs of Figs. 4 and 5 is obviously that no cross-bar switches 
17, 19 or at most only one cross-bar switch 19 is arranged in the path of light from a 
transmitter 7 to a receiver 9. The disadvantage is that if a transmitter 7 fails, the spare 
transponder 21 will be occupied and it will not be possible to use it as a standby for an 
ordinary transponder 11. 

10 Anodier modification that is shown in the diagram of Fig. 6 is to replace the cross-bar 
switches 15 connected to the transmitters by an ordinary 2x2 fibre coupler 35 together with 
an optical on-off switch 37, the switch being connected between the standby transmitter 7' 
and the coupler 35. The resulting function will be the same as using a cross-bar switch 17. 
The advantage of this node design is that there is no cross-bar switch in the path of light after 

15 the ordinary transmitter 7. The disadvantage is that the optical power loss for light passing 
from the transmitters 7 is increased (-3 dB). At this location in the node this will normally be 
a minor drawback. 

Another modification is illustrated in Fig. 7, in which each 2x2 cross-bar switch 19 
connected directly to a pair of receivers 9 and 9' are replaced with four 1:2 50-50% fibre 

20 couplers 39 arranged in a fixed cross-bar function operating by power splitting, so that the 
output from the demultiplexer 15 always reaches both the ordinary receiver 9 and the standby 
receiver 9' and so that the output from the corresponding pon of the 1:4 optical space switch 
25 also reaches the two receivers 9, 9* in such a pair simultaneously. For a fault in an 
ordinary receiver 9, this will be detected by the signal detector 29 in the same access 

25 equipment 5 and then there will be an automatic change to the standby receiver 9' by 
changing the position of the electric switch 31. No more elements have to be switched. A 
drawback of this construction is an increased optical loss, about -6 dB. The advantage is that 
fewer electrical control lines are needed in the node. 

Another modification is that no spare transmitters 7' and/or spare receivers 9' are used. 

30 Then the respective cross-bar switches 17, 19 are replaced with simple 1:2 switches 41, 43, 
as illustrated by the node design shown in Fig. 8. Then also the 4:1 switch 23 can be 
replaced with a simpler element, a multiplexer 45 connected to the input of the spare 
transponder 21. Of course, the 4:1 switch 23 can be still included, as is the case of the node 
design illustrated in Fig. 9. Here all 2x2 cross-bar switches 17, 19 are instead replaced with 

35 1:2 50/50% optical splitters 47, 49, so that the signal from a transmitter 7 always reaches the 
appropriate ordinary responder 11 and the respective input port of the 4:1 switch 23. In the 
case where an ordinary transponder 11 fails, this is detected as above and the 4:1 switch 23 is 
then set to the respective position, so that the standby transponders 21 will now carry the 
traffic. 
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The optical space switches, i.e. the 1:2 switches 41, 43, the 2x2 cross-bar switches 17, 
19 and in particular the 1:4 and 4:1 switches 23, 25 used in the node designs illustrated in 
Figs. 2 - 9 can be replaced with alternative switches constructed not entirely of optical 
elements. The reason for introducing such alternatives is that particularly large optical switch 
5 matrices are not considered reliable. In the 4:1 switch 51 illustrated in Fig. 10 receivers 53 
are arranged on the input side converting the light signals to electrical signals, which are 
provided to an electrical switch 55. switching the selected input electrical signal to the output, 
as commanded by electric control signals on lines 57. The electric signal is converted to an 
optical signal by a transmitter 59 using the wavelength adapted to that of the spare 

10 transponder, which thus can be omitted. The switch 61 of Fig. 10 can thus be used to replace 
the switch 23 and the spare transponder 21 of for example Fig. 2. 

Another possibility is to use back-to-back receivers and transmitters, as is illustrated in 
the 4:1 switch 63 of Fig. 11. An input light signal is thus received by a receiver 64, in which 
it is convened to an electric signal sent to an electrooptical transmitter 65. The transmitter 65 

15 is controlled by an electrical signal on an appropriate control line 67 and when it is activated 
it will transmit a light signal using the wavelength of the spare transponder. The outputs of 
the transmitters are all connected to an optical multiplexer, the output of which is then 
connected to the optical fibre 3, so that the spare transponder can be omitted. The switch 63 
illustrated in Fig. 11 can be used to replace the switch 23 and the spare transponder of for 

20 example Fig. 2. 

A cross-bar switch 71 to used as a switch 17. 19 shown in Fig. 2 can be designed as is 
illustrated in Fig. 12. The two input optical terminals are connected to optoelectrical receivers 
73. which conven the light signals to electrical signals. The electrical signals are provided to 
a switch matrix performing 75 the cross/bar function as controlled by a suitable electrical 

25 signal on a line 77. The two outputs of the electrical cross-bar switch 75 are connected to the 
inputs of electrooptical transmitters 79. 

While specific embodiments of the invention have been illustrated and described herein, 
it is realized that numerous additional advantages, modifications and changes will readily oc- 
cur to those skilled in the art. Therefore, the invention in its broader aspects is not limited to 

30 die specific details, representative devices and illustrated examples shown and described here- 
in. Accordingly, various modifications may be made without departing from the spirit or 
scope of the general inventive concept as defined by the appended claims and their equi- 
valents. It is therefore to be understood that the appended claims are intended to cover all 
such modifications and changes as fall within a true spirit and scope of die invention. 
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CLAIMS 

1. An optical WDM network comprising at least two nodes interconnected by a 
bidirectional optical link, each node comprising 

at least two pairs of ordinary optical transmitters and ordinary optical receivers, each 
5 pair including an ordinary optical transmitter receiving electrical signals and convening the 
received electrical signals to issued first optical signals and an ordinary optical receiver 
receiving optical signals and convening them to electrical signals, and 

ordinary transponders, each ordinary transponder receiving die issued first optical 
signals from only one of the ordinary optical transmitters of the pairs and converting the 
to received signals to issued second optical signals of a well defined wavelength band, the 
wavelength bands of the second optical signals issued by different ones of the ordinary 
transponders being separate from each other, 

characterized in that each node further comprises a first optical multiplexer or 
combiner connected to receive the second optical signals issued by the ordinary transponders 
15 of the node, the first optical multiplexer or combiner combining the second optical signals to 
issue a combined optical signal on an optical fiber included in the bidirectional link 
interconnecting the node and another node. (Figs. 1-9) 

2. A WDM network according to claim 1, characterized in that each node further 
comprises a spare transponder connected to receive, for a failure of an ordinary transponder 

20 of the node, die first optical signals, which are to be received by the ordinary transponder, 
and to convert die received first optical signals to issued diird optical signals of a well defined 
wavelength band separate from the wavelength bands of the second optical signals issued by 
die ordinary transponders in the node, the spare transponder being connected to the first 
optical multiplexer or combiner of the node to provide die diird optical signals lo the first 

25 optical multiplexer or combiner which combines die third optical signals issued by the spare 
transponder of die node widi die second optical signals issued by die ordinary transponders of 
die node to issue a combined optical signal on the optical fiber. (Figs. 2-9) 

3. A WDM network according to claim 2, characterized in diat each node further 
comprises first optical switches, each first optical switch having an input and a first output 

30 and a second output, die input of die first optical switch being connected to one of die 
ordinary optical transmitters of die node and die first output being connected to diat ordinary 
transponder which is connected to receive die first optical signals issued by said one of the 
ordinary optical transmitters of die node to forward optical signals received on die input of 
die first optical switch to diat ordinary transponder, and die second output being connected to 

35 die spare transponder to forward optical signals received on die input of die first optical 
switch to the spare transponder, depending on a position of die first optical switch. (Figs. 2, 
3,7,8) 

4. A WDM network according to claim 3, characterized in diat each ordinary 
transponder in a node is provided with an input loss detector controlling diat first optical 
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switch, the first output of which is connected to the ordinary transponder. (Figs. 2, 3, 7, 8) 

5. A WDM network according to claim 2, characterized in that each node funher 
comprises optical power splitters, each optical power splitter having an input and a first 
output and a second output, the input of the optical power splitter being connected to one of 
the ordinary optical transmitters of the node to receive signals issued by said one of the 
ordinary optical transmitters and the first output of the optical power splitter being connected 
to that ordinary transponder which is connected to receive the first optical signals issued by 
said one of the ordinary transmitters to forward a first share of the optical signals received on 
the input to that ordinary transponder, and the second output of the optical power splitter 
being connected to forward a second share of the optical signals received on the input to the 
spare transponder of the node. (Figs. 6, 9) 

6. A WDM network according to any of claims 2-5, characterized in that each node 
further comprises a second optical multiplexer or combiner having an output connected to an 
input of the spare transponder and having inputs connected to the ordinary optical transmitters 
of the node to receive the first optical signals issued by the ordinary optical transmitters and 
to forward the received first optical signals on the output of the second optical multiplexer or 
combiner to the spare transponder of the node. (Fig. 8) 

7. A WDM network according to any of claims 2-5, characterized in that each node 
further comprises a second optical switch having one ouvpxxt and a plurality of inputs, one 
input of the second optical switch being arranged for and connected to each ordinary 
transponder, and the output of the second optical switch being connected to the input of the 
spare transponder, the second optical switch being arranged to connect one of its inputs to its 
output in order to forward the first optical signals issued by one of the ordinary optical 
transmitters of the node to the spare transponder of the node. (Figs. 2-7,9) 

8. A WDM network comprising at least two nodes interconnected by a bidirectional 
optical link, each node comprising at least two pairs of ordinary transmitter devices and 
ordinary receiver devices, each pair comprising one ordinary transmitter device and one 
ordinary receiver device being arranged to transmit and receive optical signals respectively of 
only a fixed, individual or separate well defined wavelength band, 

characterized in that each node funher comprises 

a pair of a spare transmitter device and a spare receiver device, the spare transmitter 
device and the spare receiver device being arranged to respectively transmit and receive 
optical signals of only a fixed well defined wavelength band different from the wavelength 
bands in which the ordinary transmitter devices and receiver devices of the node are arranged 
to transmit and receive respectively optical signals, and 

a switch connected in such a way that if one of the ordinary transmitter devices of the 
node fails, an input signal of said one of the ordinary transmitter devices is connected through 
the switch to an input of the spare transmitter device. (Figs. 2 - 9) 

9. A WDM network according to claim 8, characterized m that 
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the ordinary transmitter device of each pair of an ordinary transmitter device and an 
ordinary receiver device of a node comprises an ordinary optical transmitter and an ordinary 
transponder connected to the ordinary transmitter, the ordinary optical transmitter receiving 
electrical signals and convening the received electrical signals to issued first optical signals 

5 and the ordinary transponder receiving the first optical signals issued by the ordinary optical 
transmitter and converting the received first optical signals to issued second optical signals of 
die wavelength band, in which the ordinary transmitter device and the ordinary receiver 
device of the pair are arranged to transmit and receive optical signals respectively, and 

the spare transmitter device of a pair of a spare transmitter device and a spare receiver 

10 device of a node comprises at least one spare transmitter and a spare transponder connected 
to die spare transmitter, the spare transponder being common to all spare transmitters of the 
node and connected to said all spare transmitters to convert received signals to issued third 
optical signals of the wavelength band, in which the spare transmitter device and die spare 
receiver device of the pair are arranged to transmit and receive optical signals respectively. 

15 (Figs. 2-7) 

10. A WDM network according to claim 9, characterized in that the spare transponder 
of a spare transmitter device of a node is connected through a switch to all the ordinary 
optical transmitters in the node to receive the first optical signals issued by at most one of the 
ordinary optical transmitters of the node. (Figs. 2 - 7) 

20 1 1 . A WDM network according to any of claims 8 - 10, charaderized in that 

the ordinary receiver device of each pair of an ordinary transmitter device and an 
ordinary receiver device of a node comprises a demultiplexer or filter and an ordinary optical 
receiver connected to the demultiplexer or filter, the ordinary optical receiver convening 
optical signals received from the demultiplexer or filter to electrical signals, the demultiplexer 

25 or filter being common to and connected to all the ordinary optical receiver devices in the 
node, and 

the spare receiver device of the pair of a spare transmitter device and a spare receiver 
device of ±e node comprises die demultiplexer or filter, the ordinary optical receivers 
comprised in all the ordinary receiver devices of the node and a switching device, the 
30 switching device having outputs connected to die ordinary optical receivers to forward, at 
each instant, a signal from the demultiplexer or filter to at most one of the ordinary optical 
receivers. (Figs. 2 - 7) 

12. A WDM network according to any of claims 8 - 10, characterized in that 
die ordinary receiver device of each pair of an ordinary transmitter device and an 
35 ordinary receiver device in a node comprises a demultiplexer or filter and an ordinary optical 
receiver connected to die demultiplexer or filter, the ordinary optical receiver convening 
optical signals received from die demultiplexer or filter to electrical signals, die demultiplexer 
or filter being common to and connected to all die ordinary optical receivers of the node, and 
the spare receiver device of the pair of a spare transmitter device and a spare receiver 
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device of the node comprises the demultiplexer or filter, spare optical receivers converting 
received optical signals to electrical signals and a switching device, the spare optical receivers 
being connected to the demultiplexer or filter through the switching device, the switching 
device having an input connected to the demultiplexer or filter to receive optical signals from 
5 the demultiplexer or filter and outputs connected to the spare optical receivers to forward, at 
each instant, a signal from the demultiplexer or filter to at most one of the ordinary spare 
optical receivers. (Figs. 2-7) 

13. A WDM network according to claim 12, characterized in that a signal which is 
forwarded from the demultiplexer or filter of a node to one of the spare optical receivers of 

10 the node is in the same wavelength band, in which the spare transmitter device and the spare 
receiver device of a pair in the node are arranged to transmit and receive optical signals 
respectively. 

14. A WDM network according to claim 13, diaracterized in that a signal which is 
forwarded from the demultiplexer or filter of a node to one of the spare optical receivers of 

15 the node is in the same wavelength band as that of the ordinary transmitter device in the pair 
of an ordinary transmitter device and that ordinary receiver device which comprises an 
ordinary receiver with which the spare receiver is included in a pair. 

15. A WDM network comprising at least two nodes interconnected by a bidirectional 
optical link, each node comprising at least two pairs of ordinary optical transmitters and 

20 ordinary optical receivers, each pair comprising an ordinary optical transmitter receiving 
electrical signals and converting the received electrical signals to optical signals and issuing 
the optical signals to another node and an ordinary optical receiver receiving optical signals 
from the other node and converting the received optical signals to electrical signals, charac- 
terized in that each node further comprises spare optical transmitters, one spare optical 

25 transmitter being arranged together with an ordinary optical transmitter in a pair, the spare 
optical transmitter and the ordinary optical transmitter of a pair receiving the same electrical 
signals and converting the received electrical signals to optical signals and the spare optical 
transmitter being arranged to issue the optical signals to the other node, if the ordinary optical 
transmitter fails. (Figs. 2-7) 

30 16. A WDM network according to claim 16, characterized in that each node further 
comprises first optical switches, each first optical switch being connected to an ordinary 
optical transmitter and a spare optical transmitter of a pair to forward optical signals from 
only one of the ordinary optical transmitter and the spare optical transmitter. (Figs. 2,3,7) 
17. A WDM network according to claim 16, characterized in that each first optical 

35 switch in a node is arranged to connect, in a first position, the ordinary optical transmitter to 
an ordinary transponder, the ordinary transponder convening received optical signals to 
issued optical signals of a well defined wavelength band, the wavelength bands of different 
ordinary transponders in a node being separate from each other, the optical signals issued by 
the ordinary transponders of one node being provided to an optical multiplexer or combiner 
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combining the optical signals to issue them on an optical fiber connected to another node, and 
to connect, in a second position of die first optical switch, an ordinary transmitter to a spare 
transponder, the spare transponder convening received optical signals to issued optical signals 
of a well defined wavelength band, the wavelength band of the spare transponder being 
5 separate from the wavelength bands of the ordinary transponders in the node, the optical 
signals issued by the spare transponder being provided to the optical multiplexer or combiner 
to be also issued on the optical fiber. (Figs. 2,3,7) 

18. A WDM network according to claim 17, characterized in that in the first position 
of one of the first optical switches of a node the spare optical transmitter which is connected 

10 to said one of the first optical switches is connected through said one of the first optical 
switches to the spare transponder through a second switch, the second switch allowing optical 
signals from at most one spare optical transmitter to reach the spare transponder. (Figs. 2 3 
7) 

19. A WDM network according to claim 18, characterized in that in the second 
15 position of one of the first optical switches of a node the ordinary optical transmitter which is 

connected to said one of the first optical switched is connected through the first optical switch 
to the spare transponder through the second switch, the second switch allowing optical signals 
from at most one ordinary optical transmitter to reach the spare transponder. (Figs. 2,3,7) 

20. A WDM network according to any of claims 17 - 19, characterized in that in the 
20 second position of one of the first optical switches of a node the spare optical transmitter 

which is connected to said one of die first optical switches is connected to a respective 
ordinary transponder. (Figs. 2, 3, 7) 

21. A WDM network according to any of claims 17-20, cliaracterized in that each 
ordinary optical transmitter of a node is connected to an ordinary transponder, one ordinary 

25 transponder being arranged for each ordinary optical transmitter, an ordinary transponder 
being arranged to convert received optical signals to issued optical signals of a well defined 
wavelength band, the wavelength bands of different ordinary transponders in a node being 
separate from each other, the optical signals issued by the ordinary transponders of one node 
being provided to an optical multiplexer or combiner combining the signals to issue them on 

30 an optical fiber connected to another node, and the spare optical transmitters being connected 
to a spare transponder, die spare transponder converting received optical signals to issued 
optical signals of a well defined wavelengdi band, the wavelength band of die spare 
transponder being separate from the wavelength bands of the ordinary transponders in die 
node, die optical signals issued by die spare transponder being provided to the optical 

35 multiplexer or combiner, die connection of die spare optical transmitters to the spare 
transponder being made in such a way diat die spare transponder receives at most optical 
signals issued by at most one spare transmitter. (Figs. 2 - 7) 

22. A WDM network according to any of claims 15-21, diaracterized in diat all 
ordinary receivers of a node are connected to a single demultiplexer or filter and convert 
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received optical signals to electrical signals. (Figs. 2-7) 

23. A WDM network according to any of claims 15-21, characterized in that all 
ordinary receivers of a node are connected to a single demultiplexer or filter and conven 
received optical signals to electrical signals, a switch being provided to conduct an optical 

5 signal from the demultiplexer or filter to at most one of the ordinary receivers, this optical 
signal being in the same wavelength band as the optical signals issued by a spare transponder. 

24. A WDM network according to any of claims 15 - 23, characterized in that each 
node funher comprises spare optical receivers, one spare optical receiver being arranged 
together with an ordinary optical receiver in a pair, the spare optical receiver and the 

10 ordinary optical receiver of a pair converting received optical signals to electrical signals and 
being connected to ouq)ut electrical signals to the same output terminal, so that the spare 
optical receiver delivers electrical signals to the output terminal, node, if the ordinary optical 
receiver cannot deliver electrical signals. (Figs. 2 - 7) 

25. A WDM network according to claim 24, characterized in that all ordinary 
15 receivers of a node are connected to a single demultiplexer or filter and convert received 

optical signals to electrical signals, each spare receiver being connected to the demultiplexer 
or filter through a switch, the switch having a plurality of outputs, each outputt being 
connected to a different one of the spare optical receivers, and the switch being arranged to 
forward a signal from the demultiplexer or filter to at most one of the spare optical receivers. 
20 (Figs. 2- 7) 

26. A WDM network according to claim 25, characterized in that a signal which is 
forwarded from die demultiplexer or filter to one of the spare optical receivers is in the same 
wavelength band as the optical signals issued by a spare transponder of the node. 

27. A WDM network according to claim 25, characterized in that a signal which is 
25 forwarded from the demultiplexer or filter of a node to one of the spare optical receivers of 

the node is in die same wavelength band as the optical signals issued by the ordinary 
transmitter in the pair of an ordinary transmitter and that ordinary receiver, with which the 
spare receiver is included in a pair. 

28. A node for connection to another node by a bidirectional optical link in an optical 
30 WDM network, the node comprising 

at least two pairs of ordinary optical transmitters and ordinary optical receivers, each 
pair including an ordinary optical transmitter receiving electrical signals and converting the 
received electrical signals to issued first optical signals and an ordinary optical receiver 
receiving optical signals and converting them to electrical signals, and 
35 ordinary transponders, each ordinary transponder receiving the issued first optical 
signals from only one of the ordinary optical transmitters of the pairs and convening the 
received signals to issued second optical signals of a well defined wavelength band, the 
wavelength bands of the second optical signals issued by different ones of the ordinary 
transponders being separate from each other, 
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characterized by a first optical multiplexer or combiner connected to receive the 
second optical signals issued by the ordinary transponders, the first optical multiplexer or 
combiner combining the second optical signals to issue a combined optical signal on an 
optical fiber included in a bidirectional link interconnecting the node and the other node. 
5 (Figs. 1-9) 



wo 99/44317 



PCT/SE99/00256 



10/10 




PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa) Bureau 




(51) International Patent Classification ^ : 




(11) International Publication Number: 


WO 99/44317 


Ha4B 10/12 


A3 










(43) International Publication Date: 


2 September 1999 (02.09.99) 



(21) InternaUonal ApplicaUon Number: PCT/SE99/00256 

(22) International Filing Date: 24 February 1999 (24.02.99) 



(30) Priority Data: 

9800545-7 
9801642-1 



24 February 1998 (24.02.98) SE 
12 May 1998 (12.05.98) SE 



(71) Applicant (for all designated States except US): TELEFON- 

AKTEBOLAGET LM ERICSSON (publ) [SE/SE]; S-I26 
25 Stockholm (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): 6BERG, Magnus 
[SE/SE]; Pettersbergsvagcn I6A 2tr, S-I29 40 Hagerstcn 
(SE). WOOD. NigeK Robert [GB/GB]; Payntcrs Wood 
Bungalow. Finmere Road, Evenley, Blackley, Northanis 
NN13 5SB (GB). HEMGREN, Jonas [SE/SE]; Dym- 
lingsgrand 5, S-129 30 HSgcrsten (SE). 

(74) Agents: LINDEN, Stefan et al.; Bergcnstrahle & Lindvall AB, 
P.O. Box 17704. S-1 18 93 Stockholm (SE). 



(81) Designated States: AL. AM. AT. AU. AZ, BA. BB, BG. BR. 
BY, CA, CH, CN, CU, C2, DE, DK, EE. ES. FI, GB, GD. 
GE, GH, GM. HR. HU, ID, IL, IN. IS. JP. KE, KG. KP, 
KR. KZ. LC, LK, LR. LS, LT, LU. LV. MD, MG. MK. 
MN. MW, MX. NO. NZ. PL. PT, RO, RU, SD. SE. SG, 
SI. SK, SL, TJ. TM. TR, TT, UA, UG. US. UZ, VN. YU. 
ZW, ARIPO patent (GH. GM, KE, LS, MW, SD, SZ, UG, 
ZW), Eurasian patent (AM, A2, BY, KG, KZ, MD, RU. TJ. 
TM), European patent (AT. BE. CH, CY. DE, DK. ES, FI, 
FR. GB, GR, IE, IT, LU. MC, NL. PT, SE). OAPI patent 
(BP, BJ, CF, CG. CI. CM, GA, GN, GW, ML, MR. NE, 
SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments, 

(88) Date of publication of the international search report: 

9 December 1999 (09.12.99) 



(54) Tide: PROTECTION OF WDM-CHANNELS 




(57) Abstract 

An optical network comprises a bidirectional link connecting two nodes (1) through two optical fibers (3). Optical output signals 
from optical transmitters (7) in a node are provided to transponders (11) issuing optical signals of well-defined wavelengths to a power 
combiner (13), from which optical signals arc forwarded to the other node on the respective fiber. The network can have protection for 
failures of various components. Thus, a spare transponder (21) can receive the optical output signals of an optical u^smitter (7) in the case 
of a failure of an ordinary transponder (II). The spare transponder (21) is also connected to the combiner (13). The optical transmitters 
(7) and receivers (9) can be duplicated by providing spare transmitters (7') and spare receivers (9*). Various arrangements can be used for 
connecting the output of a transmitter to an ordinary transponder or die spare transponder. For example, cross-bar switches (17, 19) can be 
arranged at the outputs of a pair of an ordinary transmitter and a spare transmitter and at die inputs of a pair of an ordinary receiver and a 
spare receiver. For a node having N-1 ordinary transmiuers a N:l switch (23) is dicn a^anged at the input of die spare transponder (21). 



-WO 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify 



AL 


Albania 


AM 


Armenia 


AT 


Austria 


AU 


Australia 


AZ 


Azerbaijan 


BA 


Bosnia and Heizegovtna 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cdte d'lvoire 


CM 


Cameroon 


CN 


China 


CU 


Cuba 


C2 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 



party to the PCT on the 



ES 


Spain 


n 


Finland 


FR 


France 


GA 


Gabon 


GB 


United Kingdom 


GE 


Georgia 


GH 


Ghana 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IL 


Israel 


IS 


Iceland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgyzsian 


KP 


Democratic People's 




Republic of Korea 


KR 


Republic of Korea 


KZ 


Kazakstan 


LC 


Saint Lucia 


U 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 



pages of pamphlets publishing 



LS 


Lesotho 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of MoMova 


MG 


Madagascar 


MK 


The former Yugoslav 




Republic of Macedonia 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Ptonugal 


RO 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SG 


Singapore 



intemationaJ applications under the PCT. 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TO 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Slates of Amcnca 


uz 


Uzbekistan 


VN 


Vict Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



1 

IM KKNA I lONAI. SI AIU 11 KI POU 1 



Ifilcnialiitii;)! ;ip|>lic;iliun Ni>. 

PCT/SE 99/00256 



A. C.I.ASSII l(./VI ION Ol SUIIMCI NlA l l I K 



IPC6: H04B 10/12 

Acairdiitg tn InlcrnaUtmul Mmunt C'liL^.^ificannn (IPC) lu Id hoili n;iiiiin;il Lhis.vifiujilion and IIH! 



Miniinufn di)i;urm:ni:Ui<)H scurchud (chissifiLaliun syvU'tu rtiDnwutl hy cfiivviriunlint) sytnlmls) 

IPC6: H04B 



Douuinenlalinn scaruhcd mhcr than mininium ddLUitirtjtalinn m \hv v.sWaw iliat such liutunuMUx arc included in Lhc fields searched 

SE,DK,FI,NO classes as above 



I'lecUonic data base ctmsullcd during Ihc inlcrnalional search (name (jf d:i(a basi: ami. where praclicahle, search lerms used) 



c. i)()(:umi:nis coNsiDiiRi-i) io hi; ri i.cvan i 



(jt.ilinn of dociiinciil. with iiulicitioii. wlicrr ;ip)H npi i;iU\ t>l llu; rutcv.iiM pas.s:i^cs 



Kc)cv;itil li) clniin Nt). 



EP 0877502 A2 (NEC CORPORATION), 11 November 1998 

(11.11.98), column 2, line 42 - column 3, line 16; 
column 3, line 24 - line 49; column 4, 
line 4 - column 6, line 19, figures 2,3 



FR 2756693 Al (NEC CORPORATION), 5 June 1998 

(05.06.98), page 6, line 25 - page 7, line 20, 
figures 1,3 



WO 9745977 Al (TELEFONAKTIEBOLAGET LM ERICSSON), 
4 December 1997 (04.12.97), page 3, 
line 29 - page 29, line 30, claims 1-9, 
abstract 



1-7,28 



1-7,28 



1-7,28 



I I ( urthcr dtiuiinciits arc lislcd in the cuulinu.irum ol Hoa C. [ )(| Ser patent Caiiiily annex. 



* .special calegiincs ol nlcii Uncumcnl^ 

"A" dcK-umcnt dcfininR \he ^cncnl nalc ol Ihc art ^vhtch iv not o "inn tiered 

Ut he ol particular rclcvantc 
r," crhcr documcnl hui puhli^hcU on or atlcr Ihc inlcrnaitnnai tihiiK <l;Oc 

"\." . dncumcnl u-hich may ihrou* Uouhl^ nn pn<»nly claim(s( or tvlnch is 
cited lo c.^ahlish the pulMicalion date of anolhcr citaiittn or other 
special rcasfm (as spcolicd) 

"()" dncumcnt rctemnR In an ctral di^cloMjrc. use, cxhihiuon or oihrr 
me«ns 

"V" d(n:umcnl puhMshed pnor to the tntcmaiKmal lilinn dale hut InU-r than 
the pnonty dale d aimed 



' r " later donitntnt piihli\hcd atlrr the nUcrnatninal lihnu dale or priority 
lUlr and not in contlal with Uie ;ippli cation hut cited lo understand 
II) c pnnciple or theory imdal>inK the invention 

"X" dociimcnl ol particular rclevwnce: the claimed mvcntion cannoi he 
considered novel or cannot he considered lo involve an invcnlivc 
vtqi ulicn Ihc document ix taken ah me 

"\" dociimenl o| parlicular relevance: the claimed invcnlion cannot be 
considered lo involve an invcnlivr step when the document is 
combined uiih one or more other viic-h diK-umenlv. such comhinatjon 
hctnjt (th\iou? Iti a person \killed in the art 

"fit" I locum en t mnnher fil the vainc patent I ami I y 



Dale ol tlic aUtial coinpletitm of the intei naltonal srardi 



27 October 1999 



Datr ol mailing ot the tnlcinatitmal scarcli report 

2 9 -10- 1999 



Name and iiiniliiig nJdtess of the ISA 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 

rnc5iinilc No. h 4fi K (ififi 02 Kf» 



Aniliori/.ed t)nicei- 

Stig Edhborg/MN 

l de!>liom: Nn. + 4fi H 7K2 25 IH) 



I'orm Pc:i*_'ISA.'7l() (second stit:elWJuly \WA 



• 


• 




CVTERNATIONAL SEARCH REPORT 




IntemaiionaJ application No. 






SE99/00256 



Box i Observations where ccrtaiD claims were found unsearchable (Continuation of item 1 of first sheet) 



This inleraarional search report has not been established in respea of certain claims under Article 17(2Xa) for the following reasons: 

1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2- Q Claims Nos.: 

because ihey relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful intemationai search can be carried out. specifically: 



Box U Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This Intemationai Searching Authority found multiple inventions in this international application, as follows: 

see next page 



L As all required additional search fees were timely paid by the applicant, this international search report cov 

searchable claims. 

2. As all searchable claims could be searched without effort justifying an additicmal fee, this Authority did not invite payment 
of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this imcmationai search nrport 

covers only those claims f<^ whidi fees were paid specifically claims Nos.: 



No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first memioned in the claims; it is covered by claims Nos.: 

1-7,28 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 



Form PCT/ISA/2 10 (comimtatioo of first sheet ( 1 )) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 
SE99/00256 



I: Claims 1-7, 28 directed to a WDM network coinprising optical 
multiplexer or combiner. 

II: Claims 8-27 directed to a WDM network comprising a pair of 
spue transmitter and receiver devices. 

The "special technical features" of group I relate to a optical 
mulitplexer or combiner while the "special technical features" of 
group II relate to a pair of spare transmitter and receiver 
devices. These groups of inventions are not so linked as to form a 
single general concept. There is no technical relationship among 
those inventions involving one or more of the same or corresponding 
technical features. 



FonnPCT/lSA/210(exira sheet) (Julyt992) 



IMKRNA nONAl. SI.AUCII Rl.roiM 

Itiforinatioii ini pntciil {ntiiily itintilias 



28/09/99 



IitlLTii;iiti)iial appiiL;nit)rt No. 

PCT/SE 99/00256 



I'alenl dtiL-utncnl 
dlL'd til sciiidi rcpun . 


PubliuMiitin 
(l:Uc " 


r;iUnl f;iinily 
tn(:nil)i.'r(si 


l>ul)lic;itiun 
lUtc 


EP 0877502 A2 


11/11/98 


JP 


10210008 


A 


07/08/98 


FR 2756693 Al 


05/06/98 


JP 


10164020 


A 


19/06/98 


WO 9745977 Al 


04/12/97 


AU 


2986797 


A 


05/01/98 






SE 


9602005 


A 


25/11/97 






SE 


9603673 


A 


09/04/98 



t'tirni Ptri'MS A.'2l(» (palciit fainilv anficvWIulv |yuT\ 



